Object. Liver cirrhosis was identified as an independent predictor of poor outcomes in patients suffering trauma and in those undergoing major surgeries. The aim of this study was to report the authors' experiences treating patients with cirrhosis who undergo brain surgeries.
I
t is well known that liver disease is still a major health problem. 1, 20 Liver cirrhosis has been identified as a significant risk factor for increased morbidity and mortality in patients who suffer trauma, 5, 6, 10 and it has a strong impact on poor outcome in major surgeries such as laparotomy, cardiac surgery, and thoracic surgery. 1, 6, 9, 19, 26 For neurosurgeons, liver cirrhosis and its associated bleeding tendency is also a great challenge. However, little has been published about the outcomes in patients with cirrhosis who undergo brain procedures. Some published reports have described the incidence of spontaneous ICH and increased complications related to brain biopsy procedures among patients with cirrhosis.
2,11,14 Herein, we report our experiences in treating patients with cirrhosis who have undergone brain surgeries.
Methods
Ours was a retrospective single-center study including all consecutive patients with liver cirrhosis who underwent brain surgery at Chang Gung Memorial Hospital, a tertiary referral medical center in Taiwan, between January 2004 and May 2009. Data collection was approved by the institutional review board. Over the 5.5-year period, 121 patients with liver cirrhosis underwent 144 neurosurgical procedures, including craniotomy, craniectomy, bur hole, and ventriculoperitoneal shunt. The diagnoses in these patients included acute TBI, spontaneous ICH, chronic SDH, brain tumor, brain abscess, arteriovenous malformation, aneurysm, and hydrocephalus.
Packed red blood cells, fresh-frozen plasma, coagulation factors, and platelets were infused when necessary to correct coagulopathy before the elective operations. For emergency operations, blood products were infused during the procedure. All patients were monitored immediately after surgery or whenever necessary, with tests including blood cell count, hemoglobin, hematocrit, PT, and activated partial thromboplastin time. The diagnosis of cirrhosis was confirmed by a hepatologist according to findings on abdominal CT or sonography studies, before or after operations.
The severity of liver cirrhosis was categorized based on the Child-Turcotte-Pugh (referred to here as the "Child") classification, 3 which includes the factors of hepatic encephalopathy, ascites, the total bilirubin level, the albumin level, and prolonged PT. The category Child A is defined as a score of 5-6, Child B is a score of 7-9, and Child C is a score of 10-15 (see Table 1 ). Each patient's demographic characteristics, including age, sex, Child classification of liver cirrhosis, liver enzymes, serum platelet count, total bilirubin level, albumin level, prolonged PT, surgical complications, and outcome were included in the database. The origins of cirrhosis in these patients included virus-and alcohol-related causes, and HCC. Patients' demographic data, diagnosis, and reason for surgery are summarized in Table 2 .
The analysis for this study used prognostic variables that included all demographic data described above. The complications included postoperative rebleeding, infection, seizure, and death. Furthermore, we developed our own system and categorized the outcomes as Grades 1-4 (Grade 1, death; Grade 2, worse than preoperative con dition; Grade 3, stable; and Grade 4, improvement of postoperative condition) to delineate the postoperative neurological condition, Glasgow Coma Scale score, and survival. With univariate analysis, we performed a chi-square test for categorical factors and a Wilcoxon rank-sum test for continuous variables to assess the correlations for complications and the outcome scale. An unconditioned multivariate logistic regression was performed to evaluate the odds for all complications, considering possible risk factors and confounders. All p values were 2-tailed, and the significance level was 0.05.
Results
During the 5.5-year study period, 121 consecutive patients with the diagnosis of liver cirrhosis underwent 144 major brain surgeries. Patients were predominately male (male/female ratio 92:29), and the mean age was 55.6 years. Among the 144 brain surgeries, 34 (22.2%) were performed for acute TBI, 44 (30.6%) for spontaneous ICH, 15 (10.4%) for chronic SDH, 15 (10.4%) for brain tumor, 28 (19.4%) for hydrocephalus, and 10 (6.9%) for other lesions such as brain abscess or for intracranial pressure recording. According to the Child classification, 19 procedures (13.2%) were performed in patients who were Child C when admitted; 50 (34.7%) were in patients categorized as Child B; and 75 (52.1%) were in patients categorized as Child A. Among these patients with cirrhosis, viral hepatitis accounted for 39.6% of cases (hepatitis B in 18.7%, hepatitis C in 18.1%, and hepatitis B and C in 2.8%); 34.7% of cirrhosis cases were alcohol related; and 9% (13 cases) were due to HCC. Table 2 summarizes the patients' demographic data, reason for surgery, liver function (including Child classification), and origin of cirrhosis. The overall complications and the postoperative outcome are listed in Table 3 . The complication rate was 52.1% (75 of 144 procedures). Postoperative hemorrhage occurred in 58 procedures (40.3%), infection in 16 procedures (11.1%), and seizure in 6 procedures (4.2%). The overall mortality rate was 28.9% in 121 patients (24.3% in 144 procedures). In patients with acute TBI, the mortality rate reached 37.5% (12 of 32). High mortality was also noted in cases of chronic SDH (33.3%, 5 of 15). Otherwise, the mortality rate for patients with Child A, B, and C classifications in 144 brain surgeries was 5.3%, 38%, and 63.2%, respectively. Clinical condition improved in only 42 cases (29.2%) after surgery; clinical condition deteriorated in 23 cases after the surgery (16%).
To evaluate the risk factors for complications and hemorrhage after brain surgery in patients with cirrhosis, we performed univariate analysis, paired comparisons among reasons for neurosurgery, and multiple logistic regressions of risk factors (Tables 4-6 ). In the patients with acute TBI, the complication and rebleeding rates reached as high as 84.4% (27 of 32) and 68.8% (22 of 32), respectively. Surgery for acute TBI was an obvious risk factor for postoperative complications (p = 0.0002) and postoperative hemorrhage (p < 0.0001), as shown in Table 4 .
Because patients with cirrhosis were reported to have worse outcome after trauma, these patients were grouped into trauma (Group 1) and nontrauma (Group 2) categories. Patients in Group 1 underwent surgical procedures for traumatic events including acute TBI (craniotomy) and chronic SDH (bur hole). The patients in Group 1 had significantly higher chances for both postoperative complications and hemorrhage (p < 0.0001). In a paired comparison test between reasons for neurosurgery (Table  5) , the patients who underwent craniotomy for acute TBI displayed a higher risk of postoperative complications (p = 0.0003) and hemorrhage (p = 0.0053) than those who underwent craniotomy for spontaneous ICH. Notably, the bur hole procedure for chronic SDH was also associated with a higher complication risk (p = 0.0437) and hemorrhagic tendency (p = 0.0412) than was craniotomy for spontaneous ICH.
In Table 6 , which shows results according to multiple To assess the surgical outcome of liver cirrhosis, we categorized the outcome on a scale from 1 to 4 (Grade 1, death; Grade 2, worse than preoperative condition; Grade 3, stable; and Grade 4, improvement over preoperative condition), according to the patient's postoperative neurological condition. This outcome grading was highly correlated to the rate of postoperative complication and hemorrhage (Table 7) . Death occurred in 63.2% of patients with Child C cirrhosis, in 38% of patients with Child B cirrhosis, and in only 5.3% of patients with Child A cirrhosis (Table 8) . With univariate analysis, we analyzed the correlations between this outcome scale and Child classification. The mortality rate (Grade 1) was significantly increased in patients with Child Class C compared with Child Class A cirrhosis (p < 0.0001). In addition, 42 patients (29.2%) had a better prognosis (Grade 4) after surgery; most of these cases (28 of 42 [66.7%]) were categorized as Child Class A liver cirrhosis.
Furthermore, as shown in Table 9 (multiple logistic regression analysis), patients with Child Class C liver cir- * ALK-P = alkaline phosphatase; AST/ALT = aspartate aminotransferase/alanine aminotransferase. 
Discussion
Although cirrhosis is a well-known risk factor for morbidity and mortality in patients undergoing surgery, 4, 5, [8] [9] [10] 27, 29 few studies have reported the impact on outcomes after brain surgery in patients with cirrhosis. In previous studies, a high rate of surgery-related mortality (ranging from 22% to 33%) was reported in patients with liver cirrhosis. All of the previous reports have demonstrated higher mortality rates in patients undergoing emergency operations.
6,8,10 Doberneck et al. 7 reviewed 102 patients with cirrhosis undergoing various operations and reported an overall mortality rate of 19.6%, with 45.8% of patients undergoing emergency operations.
Mansour et al. 19 reported a mortality rate of 18% in the context of elective laparotomy and 50% in the context of emergency laparotomy. The patients with cirrhosis and TBI who underwent laparotomy had a significantly higher rate of mortality (40% vs 15%) in the study by Georgiou et al. 10 and in the study by Demetriades et al. 6 (45% vs 24%). The association between coagulopathy and TBI has also been reviewed in recent studies.
12,24,28,30 Coagulopathy occurred in 17%-34% of patients with isolated TBI and was associated with an almost 10-fold increase in the risk of death. 24 Thus, TBI and cirrhosis were both independent risk factors for surgical prognosis. In our study, the overall surgical complication rate was 52.1%, and the mortality rate was 24.3%. In the subgroup of patients with acute TBI, the complication and mortality rates reached as high as 84.4% (27 of 32) and 37.5% (12 of 32).
Cirrhosis-related complications may be associated with acquired thrombocytopenia and coagulopathy resulting from hypersplenism, impaired liver function with decreased fibrinogen and increased fibrinolysis, damaged systemic vessel walls and deficient platelet aggregation, the induction of hypertension, and activation of the clotting cascade.
11,17,21 Trauma-induced coagulopathy complicates the control of bleeding and is associated with increased morbidity and mortality in trauma patients.
13,22
Early coagulopathy is driven by shock and requires thrombin generation, which is triggered by tissue injury. Coagulopathy is followed by the activation of anticoagulant and fibrinolytic pathways.
12 Despite confirmation of improved survival after intensive preoperative and perioperative management-survival achieved by correcting coagulation parameters, improving nutritional status, and controlling preoperative ascites 9, 23 -Demetriades et al. 6 reported a high mortality rate in emergency abdominal operations, ranging from 45.8% to 86%. Nevertheless, there is no strict guideline for brain surgery in patients with liver cirrhosis. Although it was not analyzed, the perioperative management in this retrospective study was consistent; attempts were made to avoid the bleeding tendency by using transfusion with fresh-frozen plasma or platelet concentrate and vitamin K supplements. In addition, no isolated coagulation parameter was correlated with surgical outcome. Poor prognosis was indeed related to trauma, especially among patients with Child Class B or C cirrhosis. The poor prognosis may have been the result of multistep coagulopathy induced by liver cirrhosis and trauma as well as by systemic vascular insult and multiple organ involvement.
Two commonly used risk schemes with regard to the assessment of perioperative risk in patients with cirrhosis are the Child classification and the Model for End-Stage Liver Disease score. The Child classification was developed empirically in 1973 among patients with bleeding esophageal varices; it has been shown in multiple studies to correlate with the perioperative mortality rate of patients undergoing major surgery for various types of extrahepatic lesions. The Model for End-Stage Liver Disease score was developed in 2000, primarily to aid in stratifying patients with intrahepatic procedures and liver transplantation. 15, 16, 18, 25 In our study, the rate of complications, hemorrhage, and mortality increased stepwise with the severity of liver cirrhosis. The complication rate increased from 38.7% to 60% to 84.2%, hemorrhage from 29.3% to 48% to 63.2%, and mortality from 5.3% to 38% to 63.1% with progression in Child classification from A to B to C. A similar result was also observed in previous studies in other fields.
Christmas et al. 4 and Garrison et al. 9 reported a stepwise increase in the mortality rate with increasing Child class, increasing from 15% to 30% in Class A and from 63% to 82% in Class C in trauma patients who underwent laparotomy. In cardiac surgery, as reported by Thielmann et al., 26 the frequency of 1-year survival when taking into account the Child classification was 67.9% in Class A and 26.8% in Class B, but all patients in Class C died during the 30-day in-hospital period.
Conclusions
This study was the largest series to evaluate the effect of cirrhosis on outcomes in patients undergoing brain surgery. Our results suggest that the poor prognosis of patients with liver cirrhosis undergoing brain surgery increases progressively with the severity of liver cirrhosis. Furthermore, patients with brain trauma, including those with acute TBI and chronic SDH, also had a worse outcome for complications and even death. Cirrhosis is not uncommon in the general patient population, and the prevalence of this preexisting condition has remained unchanged over the last decade. These patients warrant intensive and aggressive monitoring, careful therapeutic intervention, and corrective coagulation parameters, as soon as possible.
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